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Combination vaccine for poultry 



The present invention relates to a combination vaccine for the protection of poultry agamst 
Omiatobacterium rhinotmcheale, to the use of a Uve over-attenuated Omithobacterium 
rhinotracheale strain and a Uve attenuated poultry virus for the manufecturing of such a 
nftmtriffist^"" vanrine , to me ihodsjfiMJfasjHCgparation of said oombinatiQnjtaccinfi^djQ — 



vaccination kits for tiie immunization of poultry agfdost Oimtltobacterium rhinotracheale. 

Over the last decades, in many countries a strong raise in both the number of poultry ferms, 
) and in addition, an increasmg number of animals per feim has been seen. This situationhas a 

serious consequence: laigp scale outbreaks of poultry diseases are seen more and more 
frequently. This m turn has caused an increasmg need for new and better vaccines and 
vaccination programs in these countries. 

Nowadays, most animals are mmnmized against a number of diseases of viral, bacterial and 
1 5 parasitic origin. Examples of bacterial agents mfective to poultry are OmiOiobacterium 
rhinotracheale, Haemophilus paragaUinarum (Coryza), Sabnonetta spp, PasteureOa 
mubocida. BordeteUa broncMs^tica mdE. coU. Exan5)les of viral poultry pathogens are 
Newcastle Disease virus (NDV), Infectious Bronchitis virus (IBV), Turicey Rhmotracheitis 
virus (TRT), Heipesvirus of Turkeys (HVT). Fowlpox vkus (FPV), Avian Reovirus (ARV), 
20 hifectious Laryngotracheitis virus (ILT). Marek' s Disease Virus (MDV) and hifectious Bursal 
Disease virus (DSDV). 

OrniOobacteritan rhinotracheale is a relatively new bacterium causmg a disease known fijr 
about a decade now. and found frequently in i.a. chickens and turkeys. CUnical signs m 
25 chickens axe e.g. airsaccuUtis or coughmg, pnemnonic lunes or pleuritis. hi turicey flocks in 



several parts of the world, a con^arable mfection of the ieq)iratory tract is found. Mortality 
in flocks suffering from the disease can be as high as 5%. The first cUnical signs are 
con5)arable to infection in chidcau sneezing and nasal dischargp. M some anhnals clinical 
signs of acute infection are seen. Exammation of sacrificed anhnals shows edema of the 

30 lungs, fibrinopurulent pneumonia and often serofibrtobus pericarditis and serofibrinous 
infection of the airsacs. OnMiobacterium rhinotracheale is extensively described m 
European Patent EP0.e25.190. Identification, sero^ing and experimental infection in 
turkeys and chickens have been described e.g. by van Enq)el, P.CJWL et al., in Joum. of Clin. 
MicrobioL 35: 418-421 (1997). by van Enq»el, P.OM. et al., in Avian Diseases 40: 858-864 

35 (1996) and by van Empel, P.C et aL, in Avian Pathology 28:217-227 (1999). A review on 
OmiOiobacterium rhinotracheale has been published in Avian Pafliology 28: 217-227 (1999) 
by van Empel. P.CM. and Haf^ HLM. 
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If an animal suffers from infection with a virulent pathogen, the munune system wiU try to 
remove the pathogen. Provided that the infected animal survives Ihe infection, it usually 
devdops a long-lasting immunity against the pathogen. 
6 Vaccination with an attenuated pathogen mimics the natural mfection in that it induces 

immimity, howPve ualhQuljausin£jma£CfiDlablfl^ ^^ sig ns. Snn,^ nM^i^y signs, i« pt^g, 
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15 



wotds; some residual virulence, has to be accepted however because without this, the immune 
system wiU in most cases be insufficiently triggered. GeneraUy spoken, vacdnatioh is the way 
to avoid large scale infection and its negative consequences. 

Vaccmes against most of flje known pathogenic bacteria and pathogenic viruses may 
comprise either mactivated or Uve attenuated pathogens, depending upon the purpose and the 
way of administration. But if it comes to efficient and early protection of young animals, 
combmed with ease of appUcation, Uve attenuated vaccmes are clearly an attractive choice. 
Such vacdnes can be given from the day of birth, for poultry even in avo, and if preferred, 
they can be appKed from day of birth simply by spraying or throu^ drinking-water 
applfeation. 



Spraymg of vaccines is especially attractive for poultry and is cunently appUed on a very 
20 large scale fiw e.g.: Infectious Bronchitis vims, Newcastle Disease virus, Turkey 
Rhinotradieilis virus, infectious Bursal Disease virus and Avian Reovirus. 

The main disadvantage of vaccines derived ftwn virulent pathogens is, that Ihey must be 
carefidly and suffidenfly attamated in onte to be safe. 
25 This requirement can relatively easy be fiilfilled for highly virulent microorganisms, because 
they can in most cases be highly attenuated while remahung then- vaccinating (unmunity- 
indacing) edacities. 
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Of the bacteria motioned above, Omithobactersam rhinotracheale belongs to the so-caUed 
secondary pathogais. A secondary pathogenic bacterium is a bacterium feat does not readUy 
cause disease in healthy animals. As a consequence, the unmune system will not or 
msuf&ciently be triggered and dier^ore, no immunity will develop. 
In animals kept under sub-optimal conditions such as high stock density and stress, such 
secondary paAogenic bactraia can however cause dramatic morbidity and mortality. 
Thus, for secondary pathogens, the design of a Uve attenuated vacdne is severely hanq)ered 
by die mqiredictable behavior of the bacteria. Unpredictable m iba soise fliat the level of 
virulence of such bacteria does not solely depend on their level of attenuation, but (contrary to 
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what is the case for primaty pafliogens) also largely on the physical sitoation of ihe animal to 
be vaccinated. 

This is a teal dilemma as wiU be sketched below using Omithobacterium rJanotradteale as 



25 



euurple. 
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ffrnitu^f^^'^n rl.»«o<igc6gatei&AJDdatLvd^^^ i n tho sense tha linjtetfectly. 
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healthy Specified Paliiogsn Fiee (SPF) poultry kept under optimal conditions it might be 
difficult to induce disease at all, even when usmg non-attenuated, wild-type, bacteria. 
Thus, such poultry, be it chickens, turkeys or ducks, even when "vaccinated" witti flie wild- 
type bacterium, are not affected and as a consequence they do not build up any protection 
against Omithobacterium rhtnotrachecOe. An example of a wild-type strain is Ae 
Omithobacterium rMnotnuAeale strain 3263/91 as dq?osited at the Centtaalbureaa voor 
Schimmetoultures (CBS). Oosterstraat 1. PO.box 273. 3740 AG Baam, The Netherlands, 
under accession-number 400.92. 



However, poultry kept under standard conditions for commercial breeding, Le. a hi^ stock 
density, stress, poor ventilation and/or high ammonia levels, are much more vulnerable to 
Omithobacterium rhinotracheale. They ate severely affected by wUd-type Omithobacterium 
rhinotracheale strains. 

EspedaUy if such animals would already suffer fixjm anoflier infection lbs effect could be 
dramatic, hi animals suffering ftom (sometimes even sulxjlhiical) infections with other 
bacteria or viruses, flie wild-type bacterium often causes massive and severe morbidity. 

hi addition to this and unlike other secondary pathogenic bacteria, the pathological effects of 
any Omithobacterium rhinotracheale strata ta poultry not only depend on the vkulence of the 
strata as such and the physical condition of ttie tafected ammal but. espedally m the case of 
chickens, also heavily vpon the chicken species. It is e.g. weU-known ta flie art. that broilers 
are much more susceptible to Omithobacterium rhinotracheale tafection than layers. 

For the reasons given above, the development of a Uve attenoaled vacdne starting from a 
secondaiy-pafliogen m general and especiaUy OrmOiobacterium rhtnotrachecOe, althougji 
possible, is conq)lex to say flie least On flie one hand, even a wild4ype strata of these 
bacteria is not capable of inductag protection ta perfectly healthy, less susceptible ammals, 
wheteas on the other hand even an attenuated strata is only suitabte ta some cases for use ta 
snsc^tible ammals or anhnab suffering from stress and other negative environmental fectots, 
the suitabiUty hi^y depending iqKm the level of stress and flie poultry species. 
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Only a Kve over-attenuated Omithobacterium rhinotracheale strain would be safe under aU 
ciicumstances in poultiy industry and in both broiler chickens and layer chickens. 
An attenuated strain, let alone an over-attenuated strain, will however not trigger any immune 
reaction in healthy, less susceptible animals, because in such animals even the virulent strain 
does not trigger an immune reaction. 
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This dilemma makes it difficult to provide vaccines based upon live secondary pathogens, 
nuwe specifically Omithobacterium rhinotracheale, that are both efficacious and safe, 
regardless ttie kind of animal to be vaccinated and its physical condition. 



It is an objective of tiie present mvention to provide vaccines that add to solving this dili 



a. 
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In order to teach this goal, the present invention provides a combmation vaccine for the 
protection of poultiy agamst Omithobacterium rhinotracheale wherein the combination 
vaccine compiises a five over-attenuated Omithobacterium rhinotracheale strain and a live 
attenuated poultry virus. 
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The present invention relates to the surprising finding that even over-attenuated secondary 
pathogenic Omithobacterium rhinotracheale bacteria are weU capable of inducing a 
protective response provided that fliey are given in combination with a Uve attenuated poultiy 
vans. Such over-attenuated secondary pathogenic bacteria are inherentiy safe because tiiey 
only cause moderate clinical signs even whai tiiey would accidentally be admmisteied at a 
momrait in time at which a field infection wifli a wild-type virus has occurred. 
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An over-attenuated Omithobacterium rhtnotrucheaJe bacterium is a bacterium tiiat (contrary 
to an attenuated OmithobatOerium rhinotracheale stram) is not capable of inducing a 
protective immune response to Omithobacterium rhtnotrmsheale m primed aohnals. A primed 
animal is an anhnal tiiat has ree«ve<tprior toradministtation of the vaccine, a vmilent 
pathogen tiiat predisposes for in Iw i Vh iii in Jtljutjju wi ut> jjalh ogenic bacterium. 

Primed animals provide an objecliw anhnal model for testing flie level of attCT 
Animals randomly taken fi»m commeicmi ferms would not provide a stable model, because 
mherently, tiieir physical condition is difficult to establish and highly variable. Primed 
ammals, contiaiy to tiiis, are of known SPF-origin, fliey are by definition m good healfli and 
tiiey received, as a priming, a weU-defined amount of a weU-defined pafliogen. 
The pinning virus of choice fiw tiie chicken model is Newcastle Disease virus. Turkey 
Rhinottadieitis virus is tiie priming virus of choice mturioeys. Thus, m order to see if an 
attenuated OrmOobacterium rhinotracheale bacterium for use m chickens mdeed behaves 



over-attenuated in chicfcaas. this should be tested in chickens primed wifli Newcastle 
virus, as is e.g. indicated in the Exanq>les section. 
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A protective immune response is an immune response that gives, after chaUenge, a 
statisticaUy ^gnificant decrease in respiratory tract lesion score of equal 
f.f^,t^tnnan-vaocmated.aiiimals TherespiratQryJiaiAJfisian^<»i^tj&^xplainfi^^ 

Examples section. 
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The nature of the mutation(s) leading to the over-attenuated behavior is not criticaL Many 
attaiuating mutations knovm in the art are suitable. Suitable Ormthobacterium rkinotracheale 
mutations are e.g. the classical PurD-, RecA- and Aro-mutations, known m flie art for many 
bacterial species. Also, many ten5)erature-sensitive mutants are suitable. Of ttiese. PurD- and 
RecA-nmtations are preferred. The PurD gene encodes a protem fliat is involved in the Purine 
ribonucleotide biosynthesis. A PurD-mutation is defined as a mutation that disturbs flie Purine 
ribonucleotide biosynthesis in the sense that such a mutant makes less or less active or no 
PurD gene product compared to wUd type OmUhobacterium rhinotracheale strains. 
The RecA gene encodes a protem that is involved in tecombmation processes. A RecA- 
mutation is defined as a mutation that disturbs recombination processes in the seose that such 
a mutant makes less or less active or no RecA gene product compared to wUd type 
Omithobacterium rhinomicheale strains. 

Mutations such as PurD- and Rec A-mutations are most easily obtained by simply deletmg the 
g^ne encodmg PurD and RecA. Such (site-directed) mntation techniques ate weU-known in 

ttieart 

The level of attenuation of the Uve attenuated viral con^xment of the combmation vaccine 
according to the invention is not critical. Usually, a Uve attenuated viral vaccine strain vwU be 
chosen that is suitable as a vaccine. Le. a strain that induces protection against mfection 
without causing an unacceptable level of pathogenicity. Many Uve attenuated viral poultry 
vaccines are commercially available. Such strams can sfanply be purchased fl»m various 
producers. 

Suitable Uve attenuated poultry viruses are e.g. Infectious Bronchitis virus, Turkey 
Rhinottacheitis virus, Newcasfle Disease virus. Avian Reovirus and Marek's virus. 



Exan5»les of suitable Uve attenuated viral vacdne strains especially suitable m chickens are 
35 e.g. NoWUs IB 4/91, D1466. D274, H120, H52 and MAS (IBV), NoWUs ILT (ILT), NobiUs 
Marek THV, Rismavac, SBland Marexme CA126 (MDV) and NobiUs ND Broiler, Qone 30 
Hitchner, LaSota, NobUis NDC2/NobiUs Newhatdi C2 and NobiUs MAS. Such vaccines are 
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available flom Intervet International B.V., Wim de Korverstraat 35, 5831 AN Boxmeer, The 
Ne&edands. 

Nobilis Duck Plague is especiaUy suitable for use in combinatiaii vaccines for ducks. 
NoWlis TRT is esfpedaUy suitable for use in combination vaccines for turkeys. 



-JtefeiabbUfafearalia)nqM>nsntjo£ifafi.(^^ vaccine is ^Afr»ni^^ thf. «an,A 
as flie live over-attenuated Omithobacterium rhinotracheale vaccine. Ondthobacterium 
rhinotracheale causes respiratory disease and sometimes severe inflammation reactions in the 
joints. These inflammation reactions are often seen when Omithobacterium rhinotracheale 
eateis flie blood stream. Therefore, a suitable route of administration especiaUy for combating 
inflammation reactions in tiie joints is subcutaneous or intramuscular injection of bofli tiie 
bacterial con^onent and a live attenuated poultry virus causing systemic reactions. Examples 
of virases, preferred fiir administration in tiie combination vaccine according to flie invention 
are live attenuated Avian Reovirus, preferably Nobilis Reo 1 133 and 2177, and Marek's virus. 

Omithobacterium rhinotracheale being a mahxly respiratory disease, a preferred route 
however would be oralAiostrilAespiratary tract vaccination. A more prefened route of 
vaccmation would be vaccination by spray/aerosol, since in tiiat case, tiie combined 
components would most direcfly reach tiie respiratory tract and otiier spots where immunity is 
most needed. 

The preferred live attenuated viral componaits for oral- nostril- or respiratory tract 
^Ucation are tiiose viruses known to cause respiiatoiy disease, specifically Infectious 
Bronchitis virus, Tudxsy Rhinotcacheitis virus andNewcastie Disease virus. 

Of fliese, Nobilis TRT, NoWIis NDC2/Nobilis Newfaatch C2 and Nobilis MA5 are flie most 
prefCTsd. 



Although preferred, botii ti» active^componentsrtrfihB combination vaccme do not necessarily 
have to be administered in a mixed fixm. -r^mmm^ iir nlmiiii jtration for each component may 
dq)end on tiie specific properties of each of tiie conqjonents. For exaiiple, altiiough 
administration by iigection of such vaccines is also contenq>lated, tiie live over-attenuated 
Omithobacterium rhinotracheale vaccine strains are preferably administered by tiie 
ine3q)ensive mass ^Hcation techniques commonly used for vacdnation and weU-fcaown in 
tiie art, such as spraying/aerosol or drinking water ^Hcation. It is ve^ well possible fliat flie 
viral component is prefaably givrai flirough anoflier route, e.g flnou^ parenteral 
administration. 



Also other routes of admimstratton are conteiiq)lated such as b« ow vaccination, of course 
with the proviso that flie specific active con^onent is able to evoke a protective immune 
response aStet administration. 

Also, if bofli the bacterial and the viral coni^wnent of a certain combination vaccine according 
thf i^tii^ wniild pteferahlv he administetedJ)y.^irajdng,Jhi&Jgai^^ 



mean that tfiey are both sprayed tiirough the same nozzle. It could well be possible that, due to 
difi^oes in viscosity of both flie bacterial and viral conqionent, the carriers and/or any 
exc^ients. both vaccine components are preferably sprayed through different nozzles. 
Nevertheless, fliis would of course stilllead to the beneficial and synergistic effect that both 
the viral and the bacterial component of the combination vaccine have: after all, they would 
both reach the resphratory tract and exert flieir joined beneficial effect 
Thus, it gpes without saymg that such sqwrate administration of both con[?>onents still gives 
the surprismg effect and therefore is widun the scope of the invoition. 

The present favention reUes vpon the feet that die Uve attenuated viral con5)onent triggers die 
animal m such a way that die over-attenuated OmUhobacterium rhinotracheaJe vaccine strain 
stays longer in die respiratory tract and more severely attacks the system. In pathogen-fi»e 
hosts, die bacterium wiU disappear within one or two days. Most Uve attenuated poultry 
vimses (e.g. vacdne viruses) stay in die respiratory tract for up to a week at least 
Therefore, die advantages of die present invention can also be achieved if die components of 
die combined vaccine are admmistered to the birds separated by a small urierval of time. The 
unacted synergetic effect as described in die present mvention vsdU e.g. readily be obtamed 
if die live attenuated viral component is given in die period between seven days before, and 
two days after the live over-attenuated Omilhobactenwn rhinotrachedle vacdne stram is 

giveii. 

Therefore, combmation vaccines of Uve over-attenuated OmUhobacterium rhinotracheale 
and a Uve attenuated poultry virus as described in tiie present mvention include diose 
combinations in which tiie Uve attenuated viral component is given in die period between 
seven days before, and two days after die Uve over-atbenuated OmiOiobacteriuin 
rhinotracheale vaccine strain is given, and inctode diose combinations in whidi die Uve 
attenuated viral component and die Uve over-attenuated OmUhobacterium rhinotracheale 
conmonent are administrasd at diSss&at ates. 

Merely as an additional example: die advantageous effect of die combination vaccine can also 
be obtained if one of die conq)onents, e.g. die Uve attenuated poultiy virus is administered in 
ovo shortiy before hatching, i.e. in die last quarter, preferably at day 18, and die Uve over- 
attenuated OmUhobacterium rhinotracheale vacdne stram is admmistered 0-7 days after 
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Iiatebing by e.g. spraying. Preferably, the amount of time between both vaccina 
preferably does not exceed 7 days. 



Preferably, flie vaccination with tlie combi-vaccine is at one day of age. fa a more preferred 
form of this embodiment, the Uve attenuated poultry virus and the Uve over-attenuated 
Jhm&Qb acterium rhim trnrheale jfas sane strain are «Atiitit»t^ at flip- «m»A ti«^f^, if rmiy 



ease of appUcation. In an even more prefecred form, the live attenuated poultry virus and the 
Kve over-attenuated Omitkobacterium rhinoiracheale vaccine strain are administered by 
means of spraying. 

Spraying can be done through a course spray giving visible droplets, or through the use of a 
nozzle that provides a fine mist The latter has the advantage that the vaccine more efficiently 
reaches the lower parts of the respiratory tract 



The vaccine according to the mvention comprises an effective dosage of the active 
con5)oneiits, i.e. an amount of immunizing active conqKment that will induce protective 
immunity in the vaccinated birds against challenge with Omitkobacterium rkinotracheale and 
preferably to the live attenuated viral component of the combination vaccine. (Induction of a 
protective mmnmity in the vaccinated birds against the viral component of the combination 
vaccine is of course desirable, but not in principle necessary). 



As mentioned above, a protective mamune response is an immune response that gives, aft 
chaflenge, a (statistically significant) decrease m respirattwy tract lesion score of equal or 
more than 50% compared to non-vaccinated animals. In poultry, a hi^er level of protection 
agamst OnaOtobacterium rMnotracheale would e.g. follow direcfly from a comparison of 
lesion scores of vacdnated versus non-vaccinated animals after challen^ 



administeied in a 



The OmithobaOerium rUnotracheale conq)onent can in principle be 
suitable dose of between l(f and 10"* colony forming units. 

Typicafly, tiie OmtOobacterium rhmo^acheiOe^coiBponeat wiU be administered m a dose of 
b^werai 10* and 10* colony fomung uiiits. 



The live attenuated poultry vims coinponent will usualfy be given also in a dose of between 
lO' TODjo and lO' TODso, altiiough this nii^t of course strongly depend upon tiie amount of 
viruses prescribed by the mannfacttirer of the Uve attenuated viral component 
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The combiiiaticai vacdne can be used as a primary vaccination, if desired followed by one or 
more booster vaccinations. The combined vaccine is also suited for incorporation in 
vaccination programs that also involve the use of other vaccines in a Uve or inactivated form. 
Merely as an exanq>le, broilers may be vaccinated at one day of age foUowed by a booster 
immunization at 10-21 days. Laying stodc or reproduction stock may be vaccinated at 1-10 
Hays follovgfid by b"»ster vaccinations at 2 6-38 da.>BLandJL£r20-3Kfieks. 



Jn a nuMB preferred form, the combination vacdne cooqaises a combination of an over- 
attenuated Omithobacterium rhinotracheale and Newcastie Disease virus, even more 
1 0 preferably NCD Clone 30, obtainable ftom Intervet Memational B.V., Wim de Korverstiaat 
35, 5831 AN Boxmeor, The Nethalands. 

bi an still even more prefixed form, the combination vaccine comprises a combination of an 
over-attenuated Ormthobacteritan rhinotracheale and Newcastle Disease virus 1SDDC2, as 
d^sited at the CNCM of tiie Institut Pasteur, 25 Rue du Docteur Roux, Paris, France under 
1 5 Accession number 1-1614. 

In another more preferred form, the combination vaccine comprises a comWnation of an over- 
attenuated Omithobacterium rhinotracheale and a Uve attenuated Tuilrey Rhmotiacheitis 
virus, even more preferably Nobilis TRT, obtainable ftom Mtarvet Ihtemational B.V., Wim 
20 de KorvCTstraat 35, 5831 AN Boxmeer, The Netherlands. 

In again another more preferred form, the combination vaccine con^Mises a combination of an 
over-attenuated Omithobacterium rhinotracheale and a live attenuated Infectious Bronchitis 
virus, even more preferably NobiUs MAS, obtainable ftom Mervet hitemational B.V., Wun 
25 de Korversttaat 35, 5831 AN Boxmeer, The Neflieriands. 



In still another more preferred form, the combination vacdne comprises a combination of an 
over-attenuated Omithobacterium rhinotracheale and a live attenuated Avian Reovirus, even 
more raeferably Nobilis Reo 1 133 or 2177, obtainable ftom liitervet International B.V., Wim 
30 "de Korversttaat 35, 5831 AN Boxmeer, The Netheriands. 

The invention also relates to combmation vacdnes con^rising, in addition to tiie two active 
con^onents defined above, one or more additional antigens derived fixim a virus or mi«o- 
organism patho^nic to poultry or gen^c infOTmation oicoding said antigen. 



35 



More preferably, die vkus or micro-organism is selected ftom die groiq) consisting of 
Infectious Brondiitis virus. Infectious Bursal Disease (Gumboro), CMcken Anaemia agent. 
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Avian Reovirus, Mycoplasma gallisepticum, Tmfcey Rhinptracheitis virus, Haemophilus 
paragallinarum (Coryza), CMcken Poxvirus, Avian Encephalomyeiitisvirus, Duck Plague 
virus. Egg Drop syndrome virus. Infectious Laryngottacheitis virus. Herpes Virus of Turkeys, 
Eimeria species, OmUhobacteritan rhinotracheale, Pasteurdla mtdtacida. Mycoplasma 
synanAae, Salmonella species and E. coli. 

The vaccine according to the invention can be prepared and marketed ia the form of a 
suspfflision, or in a lyophilized form and additionally contains a pharmaceutically acceptable 
carrier customarily used for such active con]9)onents. Carriers include stabilisers, diluents, 
preservatives and buffers. 



Suitable stabiUsers are for example SPGA, carbohydrates (such as dried milk, serum aUjumin 
or casein) or degradation products thereof. Suitable buffers are for exanq>le alkali metal 
phosphatKL Suitable preservatives are thimerosal, merthiolate and gentamidn. Diluents 
include water, aqueous buffers (such as buffered saline), alcohols and polyols (such as 
glycerol). 

If desired, the vaccine according to Has invention may contain an ai^uvant Suitable 
cinnpounds or conqrasitioos for this purpose include alum hydroxide, -phosphate, or -oxide, 
oil-in-water or watei>-in-oil emulsions based upon for exatt5)le mineral oil, such as Bayol F® 
or Marcol 52® or a vegetable oil sudi as vitamin E acetate, and saponins. 

Preferably, both the bacterial and the viral component of flie combination vaccine according 
to the invCTtion are packaged in a mixed feon in the same OMitainer. They could be fieeze- 
dried or stored at low tenmerature tiiaeafta:. 



The present invtmtion also contetqplates a kit format which c(»iqHises a packaged multi- 
contains unit having contamo&^h^conqnishi^TxnBiof the active con^omrats as defined 

above. The kit may additionally ii iji 1 1 i uilh a carrier for one or botii of the 

active conqjonei^, in which case the cazrio: pi^eiably conq)ris^ an adjuvant Such a kit is 
e.g. advantageous m case the active conqKmenls are preferably not fi»eze-dried or premixed 
together, or when the active caxapaaeoSs are ineferably administraled separated in place 
and/or time. 

The active conq)onents of tiie kit according to tiie invention, Le. the live ovCT-atteaouated 
Ommobacterium rhinotracheale strain and the live attenuated poultiy virus, and possibly a 
third and fiirtfaer active conq)onaits, can be mixed jmor to vaccination, or administeced 
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separately, at different administralion sites and/or different moments of administration with 
the proviso's indicated above. 

Still anoflier embodiment of the present invention relates to the use of a Uve over-attenuated 
5 Omidiobacterium rMnotracheale strain and a Uve attenuated poultry virus for the 

tr,«»..ifii«tariiip of ajamJMnatiaajfflfiMnfefai^ of pou ltry^gainst 

Omilhobacteritm rhinotracheale. 

Also, anoflier embodiment relates to flie use of a Uve over-attenuated Omithobacterium 
10 strain and a Uve attenuated poultry virus for the manufecturing of a 

combination vaccine for flie protection of poultry against Ormthobacterium rhinotracheale, 
wherein flie Uve over-attienuated Omithobacterium rhinotracheale stram and the Uve 
-- attenuated poultry virus are administered shnultaneously, separately or sequentially. 

Shnultaneous administration is administration of flie Uve over-attenuated Omithobacterium 
1 5 rkinotrachedle strain and ttie Uve attenuated poultry virus at flie same moment in time, 

preferably injected as a mixture, q)rayed as a mixture sprayed from one nozzle or given as a 
mixture in flie drinking water. Separate administeation is administration of flie Uve ovrav 
attenuated Omithobacterium rhinotracheale strain and flie Uve attenuated poultry virus ftom 
two different uyection sites or, when sprayed, e.g. from two different nozzles, preferably at 
20 flie same moment in time. Sequential admmistration is administration during which flie Uve 
over-attenuated Omithobacterium rhinotracheale strain and tiie Uve attenuated poultry virus 
are admmisteied at different moments in time. The conditions for flie various moments of 
administration are discussed above. 
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25 Again anoflier embodiment of flie present invention relates to mefliods for flie preparation of a 
combmation vaccine for flie protection of poultry against Omithobacterium rhinotracheale. 
Such mefliods comprise flie admixing of a Uve over-attenuated OmUhobacterium 
rhinotracheale strain, a Uve attenuated poultry virus and a pharmaceuticaUy acceptable 



Such mefli.)ds may also and/or alternatively conqaise the packaging of a Uve over-attenuated 
OmUhobacterium rhinotracheale and a Uve attenuated poultry vhns in separate containers 
that form part of a kit 
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EXAMPLES 



Example 1 

Preparation of Hve over-attenuated OmUhobactermm rhmotradieale strains. 

5 Two commonly known attenuation targets, viz. purD and recA, were selected to create 

miitai 
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Since sero^e A strains are the most predominant and is also known to provide cross- 
piotection against infections with other serotypes, this serotype was used to create the 
mutants. 

Bacterial strains and plasmids 

Escherichia coli host strains TOPIO and TOP10F» were purchased fiom Invitrogen (Carisbad, 
CA). pUC19 was derived from Clontech laboratories (Palo Alto, CA). 
An OrrMtahacterium rUnotracheaie strain serotype A (CK-7 (095264 95.2932) Van Biu>eL 
P.CA4.; Molecular identification of Omithobetcterium rhinotracheale; (1998) ISBN 90-393- 
1574-4. Page 45.) was used as host strain for electroporation and homotogous recombinatioai. 
Chromosomal DNA ofOndthobacteritan rhinotracheale strain 3263/91 (see above) was used as 
PCR. template fi>r noaldng deletion constructs. 
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Culture media, buffers and antibiotics 

Luria-Bertani (LB) broth and terrific broth (TB, Sanahrook, J., B J. Fritsch, and T. Maniatis. 
Molecular cloning: a laboratory manual. (1989) Cold Spring Harbor Laboratory, Cold Spring 
Harbor, N.Y.) were used for Hquid growth of bacterial Escherichia coli strains. For 
OndOiobacterium rhinotracheale (OR) Todd Hewitt (Becton Dickinson, Franidin Lakes, NJ, 
non irradiated) was used. For OR on plates, blood agar or Todd Hewitt agar supplemaited 
with 4% sheep blood was used. LB agar plates w&ae poured firom melted LB-agar, which 
cooled to 45*C and then die appropriate antibiotics were added. 



was 



Ol^onudeotides 

30 AU oUgonucleotides wca?^ obtained 6caa Life Tedmologies Gibco BRL (Paisley, UK) atul 
indicated m Table L lien- location m the sequence is siiown in figure 2A and B. 



are 
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PCR amplification 

PGR an5>lification was performed where the PGR mbctuie for cloning the recA aadpurD 
genes consisted of 40 U/ml of SuperTaq plus; Ix SuperTaq PCR buffer; 80 pM (each) of 
dATP, dCTP, dGTP and dTTP (HT BioTechnology Ltd., Cambridge, UK); 0.4 ,iM of both 
oligonucleotides and 1 jd of chromosomal DNA as template. San5)les were anafyzed on an 



13 



agpiose geL For the overly extension PGR (OE-PCR) the first PCRproducts were dUuted a 
hundred fold and mixed 1:1. Then PGR was performed with the outer primers as described 



below. 



The colony PGR method was performed as foUows: part of the colony was picked firom an 
g^r plate and transferred into a PGR tube- The PGR mixture was added, containing: 10 U/ml 
■£SiiperT^qT>NA p oiymAr..^^.- lx SupeiJaaJgCaJniff^^ of dATP, dCTP. — - 

dGTPanddTTP(HTBioTechnologyLtd.,Gambridge,UK)and0.4 fiMofboth 

oligonucleotides. Samples were analyzed on an agarose g^L 



a; 
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Oligonucleotides (primers) used for preparati< 



PlwrD-OE-R 



PurD-OErF 



PurD-m 

RecA-¥6 
recA-OBrlBi 



recA-OBrF 



'C^lKJrAGCGIAGCGCCd&ilSSCAm 
TCCAGCGTITCC 

I SAGAIVIG CKXKJIACGCTAGAAGAAGCC 



'CT TAAGCITC AGTGGAGCGGCAGATACAGAG 
CI T/AGCrrG GAGCGTGTAGTGC^^ 
jnrY::nj$r!nr^C GAGATCn :GG(Knrr^ 
ATCATCATCAC 

'C^^^^C^G^^^CGGTAT^AAAQ 



CT TAAGCrn XCAGCCAATreGGC^ 



mndm^io (undedined) 
BglH site (underlined) and 
oveiii^ with PurJ>OErF 
(italics) 

BgJXr site (undedinecQ and 
ovedap mth PurD-OBrB. 
(italics) 

'mi 





^SLte(v 


5777 


'sile(i 



dined^ 

B0n site (undedine^ and 
overb^ vnAk recA-OErV 
(itaUcs) 

BgUr site (undedined) and 
oved£^ with recA-OBr'R, 
(italics) 

HindM site (undedined) 



Nucleotide sequence analysis 

The nucleotide sequences of flie purD and g^es and their surroundings were determmed, 
15 Sequencmg was pSfomedusing a cycle sequence 

tfaemial cycler with big dye temmators: ^^prox. 5 0 ng of PGR product, 2 jil terminator ready 
leactionmix (Prfdn Ehner, CA) 2.4 pmoles of primer, 6 (U of buffo: (200 mM Tris-HGl pH8^; 

5mM MgCl:0 ^ <^ ^ ^ ^^^^ ^ 



20 DNA manipalations 

For sequencing, fte /iiirl) and r«4 genes and their 

cloned mto a ^oral purpose cloning vector. 
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Eiectroporatton of Omithobacterium rhinotracheale. 

Ornmobacterium rhinotracheale was made electro-competent by growing in Todd-Hewitt 
brofli until an OD 600 nm of 0.3. During further manipulatioiis, the cells were kept on ice. 
5 The culture was washed twice with ice-cold water and once with ice cold 10 % glyceroL This 
suq^ensionjEasiantrifiigedagain and the fiplls were n-suspendfid in mi »f i ^w/. rfyfTft^i 
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and stored on ice until use. 

Eleclrqporation was performed using a BTX ECM630 Genepulser (San Diego, CA). 1-2 ng 
of plasnrid DNA was mixed with 50 id of electro competent Omithobacterium rhinotracheale 
cells m a 2 mm cuvette. A pulse of 20-24 msec, was delhreied using 2500V; HV c^adt^, 25 
|iF and 800 £1 After electrqporation, 1 ml of TH broth was added and the cells were 
recovered fat 2 hours at 37">C and 100 RPM. ViabiUty was checked on blood agar plates. 
Antibiotic resistant cdonies were selected on TH agar with 4 % blood and antibiotic at a 
selective coocentration. 

UV-sen^vily of recA reeombinants. 

fii order to check a recombination in the recA gene, its sensitivity to UV was tested. Bacteria 
were plated onto blood agar and UV inadiated with a wavelaigth of 365 nm at a distance of 
about 10 cm. Different exposure times were tested, ranging ftom 0 to 120 seconds. Plates 
were tiien mcubated and growfli of rec^-mutant colonies were compared to growth of pwD- 
mutant colonies and colonies of tiie wild type sixain. 
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RESULTS 

Seqaeadng recA and puii>. 

To obtain the sequence of Ae/iurD and recA genes of OR, degenerate primers were 
developed based on consorved regions of die genes derived ftom closely related bacteria. By 
means of genome waUdng, the flankmg regions were determmed. The complete sequences 
and the relevant features are shown m figure 2A for purD and figure 2B for recA. 

Construction of the recA and pnr^ deletion and EsertioiMlelefion constracts. 
The strategy for construction an insertion-deletion nmtant is depicted m Figure 1 . 
For ^QpurD mutant the procedure was as follows. First, PC31 on genomic Omithobacterium 
rhinotracheale DNA was performed using 2 primer sets purD-¥13 i+mtuOn^te) wiQipurD- 
OE-R (upsbeam/mrD) and/«irZ>OE-F wifli/n«D.R8 (+J3imflZr site) (downstream/»urZ>) to 
amplify the flanking regions of tbepwD grate. Overiq>-extension PCR was perfiumed wifli 
flie/»ttrZ>.F13 and flie/wirD-RS primers using bofliparD PGR fiagments as templates smce 
the OE-R and OE-F primers overly. This results in PCR fiagments tiiat contain both flanking 
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regions of fliep«r£> gene and therefore the biggest part of theptirD gene is deleted. These 
ftagments were digested with HindlE and cloned into pUC19. Then an antibiotic resistance 
maiker present on a O kb BaniHI fragment was introduced in the BgUI site that was included 
in tiie overlap sequence of the OE-F and OE-R primers. 

A similar approach was followed for construction of the recA insertion-deletioa construct. 
prh«Ara ».^A.Vf^ and rec .d.QE=B^6instream recA), and i:^:i=QE=E^ndjgc^l=R54dogmsti!K>m- 



recA) were used m PGR for the flanking regions of the recA gene. OE-R and OE-F primers 
overlap and have an additional BgUI site for insertion of the antibiotic resistance maricer. 
The constructs were verified, plasmid DN A was isolated and used to electroporatje 
OmWiobacterium rhinotracheale. 

Verification of the mutatiion in recombinants. 

After electroporation, colonies were obtained for both the recA mipurD constructs, fliat 
showed antibiotic-resistance. 

Mutants for both genes were confirmed by PGR The recA mutant clones were additionally 
confirmed by testing for their sensitivity to UV irradiation; the/nirD mutants and tiie parent 
strain were able to survive XJV exposure times for more than 40 sec whereas the recA mutant 
died after 10 sec of irradiation. 



TT.vample 2 

Comparison of induction of protection of over^attenuated OnuOmbaeterimn 
rhinotraeheale strains. 



1 Vacc. 2 weeks 1 
2*10^CFU/nil 


Prim. Day 
23 


GhalLDay28 1 
3*10* CFU 


Resp. 1 
score. 1 


0,r. RecA 


"ndv 


100 ml spray 


46 


ar. PiicD 


JSIDV 


100 ml spray 


35 




NDV 


100 ml spray 


51 



Table 2: compar ison of level of protection of ovrar-attmuated mutants. Vaccine stcahis wwe 
^Ued by spraymg. Each group consisted of 15 chickens. Ghallenge was done witii wild- 
type. Re^riratory scores are given as a percentage of tiie maxhnally possible score of flie 
challenged groiq). 

The affected organs of die birds were scored in a nnmerical scoring system: 
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Thoracdc air sacs (TAS): 0 = no abnormaUties, 1 = one air sac seriously afifected by fibrinous 
aiisaoculitis or limited pinhead-sized foci of fibrinous exudate in both air sacs, 2 = both air 
sacs seriously affected by fibrinous airsacculitis. 

Abdominal air sacs (AAS): 0 = no abnoimaUties, 1 = pinhead-sized foci of fibrinous exudate 
or sliglit dijBfiise airsacculitis, 2 = severe fibrinous airsacculitis. 

alitieS>-L^Jimlateral pneumnnifl^ 0 =hi1afftTal pneumnnia 

Trachea: 0 = no abnomiaKties, 1 = some exudate m the tracheal lumen, 2 = lumen of trachea 
filled witti exudate. 



Table 2 shows the result of a vaccination e3q)eriment in which two wedcs old chickens were 
vaccinated by spray-vaccination of 2*10^ CFU m 100 ml spray solution of a RecA-mutant and 
a PurD-mntant of Omiihobacterium rhinotracheale. Prinung was done with an NDV Lasota 
vaccine stram at d^ 23, and challenge with a wUd-type Omtthobacterium rhinotracheale 
strain was done at day 28. The level of protection was detemiined by counting the trachea and 
lung lesions. 



The figures of Ae respiratory lesion score (see column resp. score m table 2) are to be 
interpreted as follows: Ae maximal possible lesion score is taken as 100% score. Non- 
vacdnated ammals show a lesion score of 51%, and "vaccinated" anunals have a lesion score 
of 46% (RecA) or 35% (PmD). This means Oat "vaccination" with RecA or PutD gives a 
level of protection of 8% (100%<46*100%/51)) or 30% respectively. 
A protective immune response, as defined above, is an unmnne response that gives, after 
challenge, a (statistically significant) decxease m respiratory tract lesion score of equal or 
more than 50% con^ared to non-vaccinated animals. 

K foUows fiam table 2 that the respiratory lesion score of the groups that received vaccination 
with a mutant of OrmOialxicterlum rMnotradteale does not significanfly differ firom the 
respiratory lesion score found with the non-vaccinated animals. 

Conclusion: a RecA-mntant andrarPuiD-mutant tif Omthobacterium rhinotracheale, if given 
as such, are not capable to ra iju -immjuliv j iJLUimj i its ponse in chickens. 
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Example 3 

Comparison of induction of protection of over-attenuated OmUhobacterium 
rhiiu^wheaie strains after primii^ and boosting. 



10 



15 



20 



Vacc. Day 1 2*10' 
£EX]/mUtcainr- 



XIEUiSml-stEam-RecA— t2a^ 



RecA 



Nostryconj.O^nal 



Spray 100 ml 



1 ChalL Day 28 1 


Resp. 1 


1 Ai4*iOL-Spray.- 


-scor«. \ 


A 


27 


"a 





Table 3: con5)arison of level of protection obtained with over-«ttemiated mutants afier a first 
administeation followed by a booster administration. Each group consisted of 12 chickens. 
Respiratory scores are given as apercentage of the maximally possible score of die 
diallMiged group. Caudlenge was done with wild-type 

(b) not statistically difBarent fi»m non-vaccinated control. 

Table 3 shows the result of a vaccination experiment in which chickens have been vaccinated 
first hi the nostrils and then boosted after two weeks by spray-vaccmation usmg a RecA- 
mutant of Omtthobacterium rhaiotrachedle. Priming was done with an NDV Lasota vaccine 
sliain at day 23, and diallengp with a wild-type OrmOiobacterium rhinotracheale stram was 
done at day 28. The level of protection was determined by counting the respiratory lesions. 
As can be seen in die last column, the respkatory lesion score of ihe groi5>s that received two 
subsequent vaccinations with a RecA-mntant of OrmOtobacterhm rhinotracheale does not 
significautty differ ftom die respiratory lesion score found witii the non-vaccmated ammals. 
Conclusion: a RecA-mutant of OrmOtobacterium rhinotracheale is not enable, even when 
given twice, to raise a protective unmune response in chickens. 
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Induction of lesions by over-attenuated mutants and wild-type strains. 



10 



15 



20 



25 



Prim. Day 
23 


Chall. Day 28 
100 ml spray 


Resp. 
scoie. 


-NDV 


-HeeA^mo^ 




NDV 


PmD 2*10' 


24 


NDV 


Wild-type 


59 



I^Me4: comparison of induction of lesions by over-attenuated mutants and wild-type strains. 
Each group consisted of 12 chickens. Respiratoty scores aie given as a percentage of the 
maximal ly possible score of the challenged group. 

Table 4 shows the results of challenge with both an RecA-mntant, a PurD-mutant and a wild- 
type strain of Omithobacterium rhmotracheale. No vaccination took place prior to priming 

and chaUenge. As can be seen fixim the last cohnnn, the mutants give a respiratory lesion 
score fliat is less than half the respiratory lesion score found after challenge wifli the wild-type 
strain. This clearly shows diat the mutants behave mild, even wi Aout prior vacdnation, and 
even after priming with a relatively "hot" NDV-stram, ie. the Lasota strain. 

Comparison of protection of Omithobacterium rlunotracltealetNSSV combination vaodnes 
after subsequent chaUoige. 

Experimental design 

A 125 1-day-old SPF broiler chickens were used. At 1-day-old aU chickens were spray 
vaccinated with Hve attenuated NDV and subsequently groiqw of 25 dricbens were aerosol 
vaccinated with either of the mutant strains recA and/wrD or the wild type strain 3263/91 
(saxjtype A) or were left unvacdnated (chaHenge controls). At 9 days after vaccination 10 
chickens of eadi groiip were sacrificed for post-mortan exammation to assess the safety of each 
vacdne. The remaining dridcens (15 per groi9>) were spiay treated with ND-Lasota at 25-days of 
age and aerosol diallenged wi& wild^type Omithobacterium rUnotrachetOe Z1Sil9\ (serotype 
A) at 31 d^ of agp. Sev«i birds of each group were additionally challenged intravenously. At 
38 days of age the dudcens were killed andpostnnortem examined to assess the efficacy of eadi 



va 
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Li addition to a non-Omithobacterium rfano/racAea/e-vaccinated challenge conlrol groiq). a 
ooorOmiihobacterium rhimtrachecae-wacmaXed and non-challenged contiol group was used 
as l^DV-oontrcd group. 

The detailed esperimental design and treatment schedule is shown in Table 5. 



nndthohacterium rfaitofr/T/;feaflte vaccine.cultutes. 



For aerosol vaccmation with flie wild type Omithobacteritm rhinotracheaJe 3263/91 
(serotype A). recA and p«rD, ftesh cultures in Todd-Hewitt brofli containing 6Jxl(f 
CFU/ml, 3.9x10' CFU/ml and 2.6x10^ CFU/ml, respectively, were used. The dose fiar aerosol 
10 vaccination was 100ml per isolator. 



7^ siiiji pensions 

NDV-straIn NDC2 has been deposited at, and is obtainable as Nobilis lSIDC2/Nobilis 
Newhatch C2 , or from the CNCM of flie Mstitut Pasteur. 25 Rue du Docteur Roux. Paris, 
1 5 France under Accesston number 1-1614. ND-Lasota was obtained from Ihtervet Iht B.V. (see 
above). The dose for NDC2 was 10*^* EXDjo per animal (corresponding to 2ml per bird) and 
for ND-Lasota 10** * EIDjo per animal (corresponding to 3 ml per bird), using a 1 L spnqr 
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nmiOiobactaium rhinotrg rheale challenge culture 
20 For aerosol challaige a fresh culture of wild-type Omilhobacterium rhinotrachedle strain 

3263/91 (serotype A) in Todd-Hewitt brofli containing 4.3xl0» CFU per ml (as determined by 
plate counting) was used. 



Anitnals! 125 1-day-old SPF Hybro broilCTS wctb used. 



r^Y^iipin p and dosing (vacc ination / challenge) 

C3iickens were randomly divided (as fliey came to hand) over die difBerent isolators and were 
treated as shown in Table 5. 

^aDC2 (1-day-old) or ND-Lasota (25-day-old) were given by qnay using a 1 L qjray can: 2ml 
30 per bird or 3 mi per bird, respectively. The birds remained in the spray for 10 minutes with die 
air-drculation closed. At l-day-old die birds were first treated widi NDC2 and subsequenfly 
with OmWiobacterium rhbtotracheale. 

OrmOiobactenunt rhinotracheale vacdne (1-day-old) as well as OmUhobacterium 
rhinotrachedle challenge (31-day-old) was given by aerosol at a dose of 100 ml par isolator 

35 using a paint sprayer. 

Afrer die aerosol challenge 7 birds of eadi group w«e additionally challenged intravenously 

at a dose of 1 ml into the wing vein. 
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Post mortem mvestigattoiis 

Birds fliat died during the experiment were subjected to a post-mortem examination to 
detemiine the cause of death. 

At l(May^)ld (9 days after vaccination) 10 birds per group were sacrificed and subjected to i 
post -m ortem e xaminationJa ^ s ess the s afety^aflemia t ion) of the (Yacciiia).sfaain&iaMnpaKd. 



to the wild type. At 38 days of age (7 days after chaUenge) the (remauung) chaUenged birds 
were killed and also subjected to apost-mortem examination to assess the effica«jy of flie 
different strains. 

The affection rates of the groups are given as a percentage of the maximal possible lesion 
score of the group. 



Statistical analysis 

The total lesion scores per group (con5)ared to the controls) were analysed two-sided using 
the non-paiametric Mann-Whitney U test The level of significance was set at 0.05. 

Results and conclnsion 

Concurrent aerosol vaccination at 1-day-old with live attenuated NDV and wild type 
OnUthobacterium rhinotracJteale induced unacceptable lesions after vaccination but also (as 
result of that) induced a strong protective response as evidenced after chaUaige where this 
group had the least post-mortem scores. Apparently, flie initial lesions caused by the 
vaccination had aheatfy dis^eared at time of dhallenge. 

Concurrent aerosol vaccination at 1-d^-old with live attenuated NDV andrecA or purD 

mutant Omithobacterium rhinotrachedle strains demonstrated a good level of safety as weU 
as efficacy. 



a 



As foUows fisom table 5, concuxcent aax>sol vacdnatton of 1-day-old SPF broilers wifli Uve 
attenuated NDV and recA orpurD mutant strains q>peared safe and to induce a good level of 
tunity against challenge with wild type O n H A u tmJe rium rhmotracheale. 



Illll 



Comparison of protection of Omiihobacterium ihtnotrachealemAS combination 
vaccines after subsequrat challenge. 



21 



20 



111 fliis ejqjeriment. Infectious Bronchitisviius type MAS was used as the Uve attenuated vital 
compoiieiit AdditionaUy, the e3q)eriment with OrmOtobacterium rhinotrachealefl^Y 
condnnation vaccines was repeated. 

The experimental set-up of this Exainple was largely identical to that of Example 5. Where 
different nunabers of animals or different moments of vaccination or chaUenge apply, this is 
jadicaii^jnJaMfe£JDiiflLiable.^ of va cc ines used^ndAs 



vaccination schedule, as well as the level of protection obtained. 
MAS suspensions: Uve attenuated Infectious Bronchitisvirus (IBV) type MAS (Mtervet 
hitemational B.V., Wim de Korverstraat 35, S831 AN Boxmeer, The Netherlands) was used 
10 at a concentration of S.S log*" EID50 per animal, and j?»pUed by spraying. 

Conclusion 

As foUows fixim table 6. concurrent aerosol vaccmation of 1-day-old SPF broilers with IBV 
MAS andPurD-mutant shams induces a good level of immunity against chaUenge with wild- 
15 type OmUhobacterium rhinotracheale. AdditionaUy it follows firom table 6, tiiat concuirent 
aerosol vaccmation of 1-day-old SPF broilers witii NCD and PutD-mutant stiams hiduces a 
good level of immunity agamst challenge with wild-type OmUhobacterium rUnotrachade as 
was also dranonstrated in "Exsassple 5. 
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Legend to flie figures 

Figoie 1: cloning strategy for making nmtation constructs of recA sndpurD genes in OR. 
Overlap extension PGR was used to create a deletion in the open reading fiame of the gene of 
interest and these fragment were cloned in pUC19. Subsequently an antibiotic resistance 
JParitsc^enaXBanjgLfiagmentljigas cloned int» ih^ fiitp_n£Jhf^cj3jEintccfcat 



(insertion-deletion constructs). 



Figure 2A: Sequence of purD and localization of primers used for cloning and verification of 
mutants. 



Figure 2B. Sequence of recA and localization of primers used for cloning and verification of 
mutants 
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Claims 



1) A combmatioii vaccme for liie protection of poultry against Omithobacterium 

rMnotrachecde, characterized in tbat said combination vaccine comprises a Uve over- 
nttftt||ia»Ati nmifhnhn^^tnn rhinntr arM a U strainj nwl a live a ttennatedjMMiltqodnia. 



2) A combination vaccine according to claim 1. characterized in that said Uve attenuated 
poultry virus is Infectious Bronchitis virus, Newcastie Disease virus, Turkey 
Shinotradieitis virus, Marek's virus or Avian Reovirus. 

3) A combination vaccine according to claim 1, characterized in tiiat said Uve attenuated 
poultry virus is Infectious Bronchitis virus, Newcastie Disease virus or Turkey 
Rhinotradieitis virus. 



4) A combination vaccine according to claim 1, characterized in tiiat said Uve attenuated 
poultry virus is Newcastie Disease virus. 

5) A combination vaccine according to claim 1. characterized in tiiat said Uve attenuated 
poultry virus is Newcastie Disease virus ^e NDC2. 

6) A combination vaccine according to claim 1, characterized in tijat said Uve attenuated 
poultry virus is Turkey Rhinottacheitis virus. 

7) A combination vaccine according to claim 1, characterized in tiiat said Uve attenna^ 
poultry virus is Infectious Bronchitis virus. 

8) A combination vaccine according to claims 1-7, characterized in tiiat said Uve over- 
attenuated Omithobacterium rUnottadiedUi has a mutation, said mutation preferably 

' ~ bemg a deletion, m tiie purD-gene or die reol-gene. 

9) A combination vaccine according to claims 1-8, characterized in that said 
combination vaccine con?»rises an additional antigen derived ftom a virus or micro- 
organism patiiogenic to poultiy or genetic information encoding said antigai. 

10) A combmation vacdne according to claim 9. characterized in tiiat die virus or micro- 
organism is selected from tiie groi^ consisting of Infectious Bronchitis virus. 
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iDfectious Bursal Disease (Gumboro). Chicken Anaemia agent. Avian Reovirus, 
Mycoplasma gallisepticum, Turkey Rhinotiacheitis virus. Haemophilus 
paragallinarum (Coryza), Chicken Poxvirus, Avian Encephalomyelitisvirns, Duck 
Plague virus. Egg Drop syndrome virus. Infectious Laiyngotracheitis virus. Herpes 
Virus of Turkeys, Eimeria species, Ontithobacteritan rhinotracheale, PasteureOa 
m u lpci da , li fy coplas ma . mtov iaie^idmanella sspea&i imii w. rffli 



11) Use of a Uve over-attenuated OrnxOiobacterium rhinotracheale strain and a five 
attenuated poultry virus for the mauufecturing of a combination vaccine for the 
protection of poultiy against OmiOiobacterium rhinotracheale. 

12) Use of a live over-attenuated Omithobacterium rhinotracheale strain and a Kve 
attenuated pouttty vmis for tiie manufecturing of a combination vaccine for the 
protection of poultry against Omithobacterium rhinotracheale, wherdn the Kve over- 
attenuated Omithobacterium rhinotracheale strain and the live attenuated poultry 
virus are administaed simultaneously, separately or sequentially. 

13) Method fiw the preparation of a combination vaccine according to claims 1-10, 
characterized in tiiat said metiiod comprises the admixing of a Hve over-atteni^ 
OmiOiobacterhm rhinotracheale stram, a Uve attenuated poultry virus and a 
phaxmaceutically acceptable carrier. 



14) A vaccination kit for die immunization of poultry against Omithobacterium 
rhinotradteale, characterized in tiiat said kit coiig)rises 

a) a Uve over-attenuated Omithobacterium rhinotracheale strain and 

b) a Uve attenuated poultry virus and 

c) optionally a phatmaceuticaUy acceptable carri^ for flie component under a and/or 
b. 



15) A vaccmation kit according to claim 14, characterized in tiiat the carrier comprises an 
atyuvant 



1 

Abstract 

The present invention relates to a cotabination vaccine for tbe protection of poultry against 
Omithobacterium rhinotracheale, to the use of a live over-attenuated Omidiobacterium rhinotracheale 
strain and a live attenuated poultry virus for the manufacturing of such a combination vaccine, to methods 
for the preparation of said combination vaccine and to vaccination kits for the immunization of poultry 
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ACCAAAAAGC ACACGACTGC GACCCGATTT CGATTTTTGG TGGCATTGTA ACTTTTAATA AAAAAGTAAC AAAAGCAGTG 

GCAGAAAAAT GTAACGAGAT TTTCCTTGAA ATCGTTGCTG CACCGAGCTT TGAGCCAGAG GCTTTGGAAG TTTTTGCTAA 

AAAGAAAAAT TTGCGCGTGA TTGAAGTTAA AAATCCATTA AGCGATAAAA TGCAACTCGT GCAAGTAGAT GGCG6ATTGC 

TCGTGCAAGA AATCGACAAA TCGTTTAGCA ATGATTTTAA AGTAGTAACC GAAAAACAAC CTACCGAAAA GCAACTTTCT 

GATTTG6AAT TTGCCATGAA AGTAGTGAAA CATGTAAAGA GCAATGCCAT CGTGGTT6CC ACAAACGGAC AAGCTCTAGG 

CGTGGGCACA GGC6AGACTA ATCGTATTTG GGCAGCACAG CAGGCGATTC AGCGTGCAAA GGAAAAAACA CAAGAAAATC 

TAGTTTTGGC TTCCGATGCC TTTTTCCCAT TCAGAGATGT GGTAGATTAT GCAGCACAAG AAGGCATTAC AGCCTTGATT 

CACCCAGGAG GAAGCATGCG CGACCAAGAG AGCATAGACG CGGCTAATGA ACACGGAATC CCGATGATCA TCAGCGGTAT 

GAGACATTTC TTACATTAAA TCAAAAAATC TAAACAATAA TTATCAATAA TTCTAAAACA CAATAAGTAT GAATGCAAAT 

»- . .purO. . .> 

GATTACAAAA AftATACTCAT CGTAGGAAAC G6CGCAAGAG AACACGCCAT CGGGTGGAAA ATTAAACAAG ACCACCCTTC 
• purD ^ 

TTGCGAGCTT TTCTTTGCGC CAGGAAACGC TGGAACCGAA CAAATTGGAA AAAACATCGT AGCTGAATCT AATOATGGCT 

purD ^ 

OE-R «AGATCTG6CGCTACGCTkGkkG 

Bglll 

TAATGCTTTT TGCTCAACAA AATGATATAG ACTTAACGAT TGTAGGTCCA GAAGCAGAAT TGGTAGAAGG TATTGTAGAC 
piijrD ^ 

TTGTTTGAAT CCAATCAATT AAGAATTTTT GGTCCAGATA AGCGTGCGGC TAAATTGGAA GGCAGCAAGG CTMTGCCAA 
PWCD ^ 

AGATTTIATG GAGAAATACG GCGTGCGCAC GGCTTTTGCC AAAA6TTOCA ACAATTTTGT ASACGCTAGA GATTATGTAA 

AAGAGCTCAC GCftATTCCCT AICGTGATCA AAGCCAGTGG CTTGGCA6CA GGAAAAGGTG IGATCATCGT GCACNTACAA 
purD,.,.. ^ 

CTTGAAGCCG AAACTACTTT GCGCAAAATC ATGGAAGftCA AAACCTTTGG CGAAGCAGGC AACGAGGTCG TAATCGftGGA 
• Pt^D ^ 

ATACTTAAAA 6GTGTGGAAG TTTCTGTGCT TTCTATCTTT AACCfiSaAAG AAATTAAAAC TTTCTTGCCT GTAAAAGACC 

pwcD ^ 

ACAAGAAAAT CGGAAAAGGC GAAACAGGAC TOSACRCGBii c«l=AATGGGC GTAGXGGCTC CTAACCCGCA TTTTACCGAT 
puxD.' > 

GAGCACATGA AGGAGTTTGA GAAAAACATT TTGCTCCCaA CACAAaAAGG GCTCTTGGCA 6AAAAAATGC ATTTTGCAGG 
purD ^ ^ 

CATTATTTTC TTTGGGCTTA TGATTACCG& GCATGGTATT TATCTATTGG AATACAACAT GCGATTTGGC 6ACCCAGAAA 
pwcD ^ 

CCGAAGCACT TTTGCCTTTG ATGGAGAATG ATTTAGTAGC CCTCATCGAT TCCGCAATAC ACCAGCAA6A CATT6AACTT 
purD ^ 

AAATGGAAAA AC6AACATGC TTGCTGT6TA GIAATGGC6A GOGGTGGCTA CCCAGGCACT XACGAAACTG GTTTTGaAAT 
pUXD , ^ 



1841 CCGASGATTG AACAAAGTTG ATGTTCCCGT ATTTATTGCA GGAGCCAGAG WMSAftAGTGG AAAAATCTAC ACCACAGGCG 
^ purD 

1921 G6CGCGTGCT CAATGTGGTG GGftACTGGCG CTftCGCaCAGA AGAAGCC»GA AAAGT6GCTT ACGRAAATAT CCATAAAATC 
^ pUXD. 



rc aijtg-> UB-F y > 

Bglll 

2001 AATTTTGRTT ATGAATATTA TCGCGftAGftC ATCGG6AAGA TATAATCTCG CTGATTTTTA ACCAAAACAT ATTTAAAAAC 
>,,,.. purD. • • •» 

2081 GCTTTTGTTA CTTTTATAAA CAAAGGCGTT TTTCTATTTT TGTGCCACTA TAACAT6ATT TAfiCCX^TGA AAAAAATACT 
2161 AAAAATACTC ATTTTTCTAC TGCTCATTCC TTGGGTTTAT GCCCTGATTT TAATCTTTAT AAATCCACCT ATCACCATTA 
2241 CACAGCTGAS CAATTTATCT TATGGTTTCT CCAGAACACA GCTCGCTTAT GATGAAATTC CGGCTAGTGC TAflATGGGCT 
2321 GTAATTGCAG CAGAAGACCA GAATTTTGCC ATTCATAATG GCTTTGATTT TAAAGAAATT AAAACCGCCT ACGAGAAAAA 
2401 CAAAGCGGGC AAGAAATXGC GTGGCGGGAG CACCCTTTCG CAACAAACTG CCAAAAATGT ATTTOTGTGG CAAfiGGCGCA 
2481 CTXGGATTAG AAAAGGATTG GAAACCTACT GCACCTTTAT CATCGAAACG CTGTGGAGCA AGGAGCGTAT TTTGCAA6TT 
2561 TACCTCAACA ATGCCGAAAT GGGCAAAGGC GrTTAIGGCa. TAGAGGCaGC GGCGCaiATAT TATTTTAAGA AAAACGCCTC 
2641 ACAGCTCACG CCTACCGAGA CGGCACGCAT CATTGCCTGC CTGCCCAATC CCAAAAAATA CAATNTAAAC CCGCCAAGTG 
2721 CCTACATCTC AAAACGCGGA CAATGGATTC TGCGCCAAGT GCS&AACTTG AAAGGCGATA GGGCTCTGAG CGA6ATTGTG 
2801 AACACGCCCT AACGCCTGCC TCAACTCTTT GCACAC3VGTT TACCAACTCT CTGCGAAGRG TTCACAAACT CTTCGCACAC 
2881 ACTTCCCCAA GTCTTTGCAA AGAGTTGGGA GATACTTAGG CACAAAAAAA AGGAACCTCA TGAATAGAGG TTCCCTCTTC 
2961 CTTAAAAGGA AIAAAIAATA ATGTTTTTTA AGCTTTAGGC TTGGCTACTT TTTCAAAGCC TGCTGCCTTC ATGCTATCTA 

HijidrJI 

3041 GGATACGCTT GCCTGGGCGG TAGXTTACGC CTACCTTTTT 6ATTAAGCCC GAATGAAAAT CTTTCTCTGT ATCTGCCGCT 

3121 CCACTGCTTA AAGTGGCATA GAGCGAGCCa AGCTTATCTA AAC6AAC6AT TTTGCCCGCT GCCAAGGCGT CTTGAATTAC 
<R8 . «fla6C3'TAflS 

HindllX BlndlXI 
3201 ATTCTCTAGC GCAAT6ATAA CGCCACGAAT ATCTGCCTCG CTGAGTGCCG AAAACTTCTC GATTTGCTTA ACGAGCT6GT 
3281 CTATATCCAT TTCTCCATCG CTTGCCACCA CGGCATAGTA TTTTTGTGGC TCCCCTGGCT TGCTT6GGTT TCTACGCTGA 
3361 ATTACATTGT ATTOTATGCT CATAATTACT CIATTTTTAA TAGCCTCCCG ATGGATATAA AGTTACGCTA CAATTAGGGT 
3441 CTCX»TAAGC AAATCTATAC CCCTCTCTTT CATATTCCCT TCTCATTCTT CTTGCTCCa^T CTCTCAAGGC ATCCGCTCTA 
- 3521- TTACTGCXAT ACCCCTCCXG-AAGAAATGTG TCTGOICITG AftGAAGAATA TGAAGAGCTA TGAGAATCGX-GCAAC^ 

3601 CCAAGCTCCA TCTTGAGCTA TAACATTTGC ATGACATGTA ACACCTATA6 TATAATAAAA TCTCCTAGGA GGTTGTGTTC 
3681 CACCACCACC TCCAGAGCTA CTACTTTTTT TACATTGTCC ATTTTGGTTA GCAT6ATTTT GTCCGCCATC ACTTACTAAC 
3761 TTCTTAGCTT CTGCTAAGGC TTTTTCTCTT GCTTTCTTTT CAGCATCTGC TTGGCTAATT CCACTCACTG CTGTAGCTCT 
3841 CGCTTCTTTT OTATA6TTTA CCGAGGTTCC ATAATAGCCA CTACTACAAT TGTTTCTTGT AAAGTTTTTA TTAAAAGATT 
3921 GAGrrTGTGT TGAGGTGTAC CCTCC6AAAC CTTTTACTTC TACAGTAAAG GTAGAACTCC CCAIGCTTAC GGGGAAGGTG 
4001 GCGATASTAT ACGAITGCCC TGCCGGCATT TGTTTTACTT 6ATACACTCC ATCTCCTCCC ACTTCTATGC TTGCCGTTAA 



Figure 2B. 



1 TAAAGCTGTA AHTCGCTATA A&CGCCCTTT AGGATAAAAT CIGCCATTTT TTGCAGTATT TTWATAGCTA AAATTOAGAA 

». • . Fz-ecAQRl. , » • — 



81 AACACCATCT CGAGTAAAGG AGCGTGTAGT GCTCGCCATC GTTGAGCGAT TGCCCACCCT CAATTGATTT GGGCGAATAC 

CXTAAGCTT» F€ » 



aindlll 

161 TTGAAATAAA TGGCATCTTC TAGCGACACA TTTTGCGCAG AAATCATGCA AAAAGCCCCG CATAAAAAGC T6A&TAAAAA 
241 WGCTAMTYXT CTTGT^TAAA AAAACTCATA AATTCCCCCA AATATAGAAA TATTCTGXGA AAAGTTGCAA TTTATTAACA 

321 CTATGTGCTT GCTTTTAATG AAAAAAGTAG ATTATTTTTC CGAATCCGAA AGTTTAXTTA CGCCCCATCC GATGCCTAGT 
< , , FjrecA-4 . • . « 

401 CCCMSCGATA GCCATGATTA ATACAAATAC AATTAAATCA MATTTTTCMC MT««ACCATA GCACAACACT TGCTAGCTCA 

481 ACGAGTACTA GAGTGGTAAA AAGGATTTTT TGAC6ATTAT TCATGATTTI ATTTXTCTCA AAGGTAAATA TTTTAAACCA 

561 TAATTTCACA AATCTTAAAA TCTAITTAAA TAATAGAGAA ACCAGAAAAA AATCGTATTT TTACGGAATS AATAAAAT6T 

641 TACAAGTAGG CGATAAAATG CCCGATXTCA AAGGTGTAGA CCAATTTGGG AAGGAGCATT CATCTGCCGA TTTCAAAAAT. 

721 CAGAAATTAG TCGTTTXTTT CTACCCAAAA GCCAGTACGC CAGGTTGCAC GGCAGAGGCT TGCAACAICA AC6ATAATCT 

801 TGATGCGCIA AAAGCACAAG GCTACCAAGT GAXAGGCGTG AGTGCAGATT CGGTAGAAAA ACAACGAAAA TTCAGTGATA 

881 AAXACGATTT XAAATTCCCX GXGAXXGCC6 ATGX6GAXAA GAAAAXTATT GAAGCAXXI6 GCGXGXGGGG CGAAAAGAAA 

961 XXCAXGGGXA AAACCTAXGA CGGAAXTCAX CGTACGACAT TCAXTAXXGA XGAAAACGGA 6XGGXGGAGC GCGXGAXAGA 

» F7 » 

ScoRl 

1041 AAAAGXGAAA ACAAAAGAXC ATACCAAXCA AAXXXXAAAX XCAGAAAAAT AAAAAXATGA "^CGAAA^A^ ^GAAGCGAAA 



TCCAfiCXAGX GCTXGAIAAA ATGGACAAAA GCXAXGGXAA AGGXGCCGTG AT«3ATGATGG GCGACAAAGC 



1121 AGGAAAGCAC 



1201 CAIAGACGAA AAXAXTCCAG XAAXCCCXAC GGGGTCTCXA GGTTXAGAXT TAGCCXTGGG CGXGSSAGG6 TAXCCGCGCG 

KCGAGATCTCGTGCGTGCGGT 
BglXl 

1281 GXAGAAXCGX GGAGAXTTAC GGXCCAGAAX CTXCTGGXAA AACCACXXTG 6C^^<f "^^^^^^.^^^^^^ 

„ «,«;,^*mr5r-ii r^Ars/^^arw-ik'P TT(5ATAGA.TA TTACGCAGAA AAATTAGGCG TAGATGTTGA 

iasiT'TCTGGCGGAA TTGCAGCTTT CATCGATGCA GAGCMGCAT TTGATAtAiA ixAu^aw* ^ 

1441 G^^^TT AXCTCXCAGC CAGATAAXGG GGAGCAAGCX XXAGAAAXXG CCGAXAACyr AATCCGXTCA GGXGCAA^ 
^ jr©cA« 

HlndllX 

1521 ATAXTAXTGX AAXCGAXXCG GTAGCGGCTT XAACGCCAAA GTCG6AAATC GACGGAGAXA XG6GCGATTC CAAAAXGGGA 
1601 ^G^GC GXXXGAXGXC XCAAGCCWG AGAAAGCTCA CGGGAACXAT CA«**^ 



1681 CAACCAATTG AGAGAGAAAA TCGGTGT6AT 6TTCGGTAGT CCAGAAACCA CAACGGGTGG TAATGCACTT AAMTCTATG 



jrecA< 



1761 CATCGGTGCG TCTAGACATT CGTCGTTCTA CTCAGATTAA AGATGGGAAC GATGTCATCG GAAACTTGAC TCGCGTAAAA 



jrecA, 



1841 GXAGTGAAAA ACAAAGTAGC TCCGCCATTC C6TAGTGCRG AATTCGACAT TATGTATGGC GAAGGAATCT CTAAAGCAGG 



jrecA, 
EcoRI 



1921 CGAGATTTTA 6ACATTGCTA CCGATTTAGA AATC6TGAAA AftAAGTGGCT CTTGGTATTC TTATGC&GAT 



ACTAAACTAG 



2001 GACAAGGGCG AGATGCCGTG C^^^^ GCCGAAGAAT TAGAAQAGAA AATTAAAGAA 

Q3ftGa!rC2» OEFl. ..]!!!>> > 

BgllX 

TTTTAATTAA AC6AAAAATC CGTTCACTTT GTTGAACGGA TTTTTTIATG 

2161 CTTGAATGAA TTTATTTCCA ATGGATTGAA XAGCCATGCA CTTTTAAATC TTCGCTATCA TAAGTGATTT CXTTGTCGGT 

2241 GTTGGGATAG CAAACTTTAA GTCCTGCGTA TPTGGCAAIG GCAT6TCCT6 CGGCAATGTC CCAAAAGTTT ACAGGTCTAA 

2321 AGCGGGTGTA CTCCGTAGCC CACCGATCGG CAATTAGCCC AAGTTTGATA ACGCTTCCCA TAGGCTTTGT GCGGAAAATT 

2401 TCATGTTCGG ATTTAATTTT TTTGATGTAT TCCTCGGTGC CAGGATCCAT GTGGAATTTG CTACAAAGAA AAGTGTAATC 

2481 TTCGGGCAAA TCCATGGTAG GAATTGGCTT GCTGTGTTTC ATCAATTGTT CAAAAAAATC CGATTTCAGA GCCATTTT6T 

2561 GCAATTGTTG TTGAGTCCCG ATGAATTTAC GAGAAGGGCA TTTATCGCTA CCGAAATAGA ACAATCCAAG CGATGG6GCG 

2641 TACAAAACTC CTAGCTTAGC CGTATTATTC TCAACTAAGC CTAGACACAC GCAATATTCA TCTGTTTTGT TGACAAAATC 

2721 CATGGTGCCA TCAATAGGGT CTGCAATCCA ATAGGTGGGC GTATTTCTAA TTTCTT6TAA AGAATCCTTA TCTCCTTCCT 

2801 CACTAAAGTA TGGAATGTCT GTAAAGGAAA CATGTTTTTG CAAGATTTTG TTGGCGGCTA AATCTGCACT TGTAACAGGC 

2881 GATCCGTCGG CTTTGGTCTC GGTGGAGAAT COGTTTTGGA TTGTTTTAAA ACCTCTTCGC CAGCAAGTGC TACAGCCCGT 

2961 GTTGCGATTT CTAATAAATT CATAATCATT CTTTTATTCT CGAACAAAGT CAAATAATTC TCTGTATTAA AAAATAATTT 

3041 TGGCGATAAA AATTAAAATT TATAIATAAA ATATCTCTGC AAAAAACCAA ATCAAATATT TAGTGAAATA AAAAAAATTA 

3121 GATTGTAAAT TTGCCTTATG TTCTIAGAGA AXACCATAAA TCATAGAAAA AATACGGGCT GGATCGAAGT AATCTGTGGC 

3201 TCIATGTTTT C6GGCAAAAC CGAAGAGTTG ATTCGTAGAG TGAAACGAGC CGAATTGGCT GGGCAAAAG6 TAGAAATCTT 



«. R5 



.«AABCXTAaB 



BinOIII 

3281 TAAACCCGCA ATTGATAAAC 6CTAC6ATGA GCAAGATGTG GTATCGCATG ATGAAAACAA AAAACAAGCA ACCCOGATTG 

3361 AGGCGiUSTTC TAACMGCCC ATTTTAGCAA GCGAlXGTGA^GnjC-G^GGGG ATAGAIGAGG CTCAATTCTT TGACGAAGGA 

3441 ATTGTTGAGG TGGCAAATCT TTTAGCTAAT TCGGG6AAAA GAATAATTAT TGCGGGATTA GACATGGATT TTAAAGGTCG 

« RrecaORl « 

3521 TCCATTTGGT CCIATGCCAA ATTTAATGGC GGTAGCGGAA TAT6TGACCA AAGTGCATGC AATCTGTGTG AAAACAGGGA 
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